INTRODUCTION
A plethora of empirical studies have demonstrated that returns, market depth, volume and volatility exhibit systematic patterns on numerous stock markets around the world. These empirical studies consistently find two distinct patterns depending on the trading mechanism. Specialist and limit order book markets exhibit concentration of volume and volatility at the open and close of the trading day, while spreads are widest at these times (Ahn and Cheung (1999) , Andersen, Bollerslev and Cai (2000) , Chung (1998 & , Van Ness (1999) Ding and Lau (2001) , Foster and Viswanathan (1993) , Ke, Jiang and Huang (2003) and Madhavan, Richardson and Roomans (1997) ). In contrast, dealer markets exhibit a decreasing spread through the trading day but concentrated volume and volatility at the open and close (Chan, Christie and Schultz (1995) , Chung and Van Ness (2001) , Levin and Wright (1999) , Reiss and Werner (1995) , and Werner and Kleidon (1996) ).
The consistency of these patterns across markets suggests that market imperfections allow these patterns to persist.
One market imperfection that could cause systematic patterns is information asymmetries between traders. Grossman (1976) and Grossman and Stiglitz (1976 & 1980) are some of the earliest papers that study the affect of acquiring costly information on financial markets. They demonstrate that two types of traders, informed and liquidity, interact to maximize their respective profits, if prices do not reflect all information. Kyle's (1985) seminal paper demonstrates that the interaction of informed and liquidity traders could potentially cause systematic patterns.
Subsequently a large number of theoretical models have been developed to understand how the interaction of informed and liquidity traders cause systematic patterns on stock markets (Admati and Pfleiderer (1988) , Back and Pedersen (1998) , Foster and Viswanathan (1990 , 1993a , 1994 , Holden and Subrahmanyam (1992) , and Wang (1998) ). These models suggest that studying the behavior of informed and liquidity traders is required for us to understand systematic patterns.
This paper utilizes a unique data set from the Helsinki Stock Exchange (HEX) that combines trade and quote data with the central register of shareholdings. The Finnish Central Securities Depository (FCSD) is the official register of most shareholdings in Finnish stocks and records all changes in shareholdings on an intraday basis. This database classifies investors into over twenty-seven different investor classes.
Theoretical models argue that the strategic timing of trading by informed and liquidity traders is an important determinant of intraday patterns. The FSCD database allows traders to be classified as either informed or liquidity traders, enabling us to study how the trading activity of these traders varies through the day. The FCSD database is combined with transaction data provided by HEX and Reuters to provide a detailed record of trades on HEX. This data set allows for an analysis of intraday variations in spreads, volume, volatility and informed and liquidity traders through the trading day.
This makes this paper the first study to include the trading activity of informed and liquidity traders in explaining intraday patterns.
An analysis of intraday variations in spreads, volume, volatility and the proportion of informed traders and the influence of volume, volatility is undertaken for the period 12 April 1999 to 26 May 2000. The results illustrate systematic intraday variations on HEX with observed patterns for spreads, volume and volatility being similar to previous studies. We find that informed and liquidity traders concentrate their trading at the open and close of the trading day, indicating strategic behavior. It is argued that the traders' behavior may explain the systematic patterns in spreads, volume and volatility. Volume, volatility and the proportion of informed traders explain a significant proportion of the intraday variation in spread, a result consistent with strategic behavior models.
LITERATURE REVIEW
Strategic behavior models argue that the timing of trading by informed and liquidity traders is the cause of systematic intraday patterns on stock exchanges. The models suggest three possible patterns of how the proportion of informed traders changes through the trading day. First, Admati and Pfleiderer (1988) , Back and Pedersen (1998) and Foster and Viswanathan (1990) argue that liquidity and informed traders enter the market simultaneously. As a result, there should be no systematic variation in the proportion of informed traders through the trading day.
Second, Foster and Viswanathan (1993a) and Holden and Subrahmanyam (1992) argue that the proportion of informed traders will decrease through the day. This occurs because informed traders have similar information. Informed traders compete at the opening of trading, to exploit their information. This causes the information to be priced into the stock and trading by informed traders decreases throughout the day.
These models do not model the behavior of liquidity traders and assume their volume is random.
Third, Viswanathan (1994, 1996) and Wang (1998) argue that the proportion of informed traders will be highest at the open and close of trading.
Similar to Foster and Viswanathan (1993a) and Holden and Subrahmanyam (1992) trading by informed traders occurs at the opening of trading so that informed traders can exploit their common information. Viswanathan (1994, 1996) and Wang (1998) argue that informed traders will also trade near the close of trading because of divergent beliefs in the value of the asset Viswanathan (1994, 1996) ) or divergent beliefs on the distribution of the value of the asset (Wang (1998) ).
The difference in opinion causes the informed traders to trade at the close because they believe the market has not priced their information correctly. Foster and Viswanathan (1993a , 1994 Holden and Subrahmanyam (1992) and Wang (1998) do not model the behavior of liquidity traders and assume their volume is random.
The three alternative explanations lead to:
Hypothesis 1: That the proportion of informed traders will systematically vary through the trading day.
Theoretical models suggest that spreads will be related to the order flow of informed and liquidity traders, volume and volatility in various ways. The theoretical models predominately argue that the proportion of informed traders will be positively related to spreads. This occurs because informed traders cause an adverse selection problem and other traders protect themselves by widening the spreads. Foster and Viswanathan (1993a , 1994 , Holden and Subrahmanyam (1992) and Wang (1998) argue that spreads are positively related to volume. They argue that informed traders are the cause of changes in volume, hence when volume is high, the proportion of informed traders will be higher causing an adverse selection problem.
To protect against this, traders will widen the spread. In contrast Admati and Pfleiderer (1988) , Back and Pedersen (1998) and Foster and Viswanathan (1990) argue that changes in volume are predominately caused by liquidity traders entering and leaving the market. This will cause spreads to be negatively related to volume.
The theoretical models argue that volatility is caused by information being impounded into prices. Foster and Viswanathan (1990 , 1993a , 1994 , Holden and Subrahmanyam (1992) and Wang (1998) suggest that increased information flows are caused by a greater order flow from informed traders and reduced order flow from liquidity traders. This increase in the proportion of informed traders causes spreads to widen. Hence volatility and spreads are positively related. In contrast, Admati and Pfleiderer (1988) and Back and Pedersen (1998) argue that informed and liquidity traders trade in proportional amounts. Hence, even though more information is being impounded in prices this will not affect spreads because there has been no change in the proportion of informed traders.
The theoretical models explaining the relationship between volume, volatility, the proportion of informed traders and spreads gives rise to the second hypothesis.
Hypothesis 2: That spreads will be systematically related to volume and positively related to the proportion of informed traders and volatility.
INSTITUTIONAL DETAILS
Trading on the Helsinki Stock Exchange (HEX) occurs through an electronic limit order book. The complete limit order book, including identification number for the trading member, is displayed to all members during continuous trading. Orders entered into the limit order book may be market or limit orders. The tick size for all stocks is €0.01. During pre-trading and continuous trading, orders may not deviate more than +/-15% from the last traded price.
During the period studied the trading day was divided into five trading periods. These periods are: pre-trading 9:30-10:10, matching 10:10-10:30, continuous trading 10:30-17:30, after-market trading I 17:30-18:00 and after-market trading II 9:00-9:30 the following trading day.
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During pre-trading, orders may be entered, revised and deleted but no transactions will occur. During this period only orders entered by the trading member can be viewed. Between 10:10 and 10:30 a closed call auction occurs and all overlapping orders are executed. The opening price is determined on the basis of the maximum quantity that can be executed in respect of all orders in the book and is disseminated to all members after execution. Unmatched orders from the call auction may be deleted from the limit order book before continuous trading commences. Unmatched orders that are not deleted form the basis of the limit order book for continuous (Table 1) . Grinblatt and Keloharju (2000) give a detailed description of the FSCD database.
[Insert Table 1 
METHOD

Trader Classification
To classify traders as either informed or liquidity the performance of traders is analyzed using an approach similar to Sias, Starks and Titman (2001) Changes in shareholding, for each investor class, are matched with the stock's performance over the next day, week and month. The following regression model is estimated using general method of moments (GMM) with autocorrelation and heteroscedasticity corrected for by using the Newey-West Correction.
Ret i,j = stock i performance from day j-1 to day j (this will be daily, weekly or monthly returns), ∆ i,j-1 Ownership = the proportional change in ownership for stock i on day j-1, β i = parameter estimate and ε = error term.
This regression model tests for superior stock picking abilities. Investor classes that have a statistically significant positive relationship between subsequent stock performance and change in ownership demonstrate superior stock picking ability.
These investor classes are classified as informed traders while all other investor classes are classified as liquidity traders.
Intraday Patterns
To investigate intraday variation in bid-ask spreads, trading activity, volatility and proportion of informed traders an approach similar to Foster and Viswanathan (1993b) and Chan et al (1995) is used. The trading day is split into fourteen half- Trading activity is measured using volume of shares traded and the number of trades.
Volume of shares traded is calculated by summing the number of shares traded for stock i during the half-hourly time period t (Vol i,t ). The number of trades is calculated by counting the number of transactions in each half-hourly time period t for stock i
Volatility is measured using the standard deviation of logarithmic returns of the midpoint of the best bid and ask prices. Midpoint returns are used for two reasons, first, it helps remove problems associated with infrequent trading. Second, it eliminates bid-ask bounce-induced volatility. Returns are calculated every time there is a change in the midpoint. The standard deviation of returns is then calculated for each half-hourly period.
Proportion of Informed Traders
The proportion of informed traders based on value of shares traded is calculated by summing the trading value of informed traders for each half-hour period. The value of shares traded by informed traders is then divided by total value traded.
where PInfVal 
Regression Models
To facilitate comparisons of the variables between different stocks and time of the day the spreads, trading activity and volatility variables are standardized for the regression models, following Chung and Van Ness (2001) .
To test for the presence of intraday patterns for each variable, we test the null hypothesis that the variable is uniform through the trading day. This gives the following general specification, which is estimated using GMM. As our study uses cross-sectional panel data we allow for arbitrary patterns of cross-correlations, autocorrelation and heteroscedasticity utilizing the Newey-West correction.
Where W t = the value of the variable being studied in time period t, w = the fixed effect, which will represent the variable base amount which throughout the study is the first half-hourly period i.e. 10:30-11:00. d i = a dummy variable that reflects the time-of-day, which takes on the value of one if the time-of-day observation t is equal to i and zero otherwise. β i = the estimated intraday coefficient for time periods other than the first time period and ε = an error term.
A second more general specification is used to test the effects of the time-of-day, trading activity, volatility and the proportion of informed traders on spreads. The following regression model estimated using GMM, with the Newey-West correction, allows us to test this hypothesis
Where S t = the spread during time period t, d i is a dummy variable that reflects the time of day, which takes on the value of one if the time-of-day observation t is equal to i and zero otherwise, s is a fixed effect, W t other variables e.g. trading activity, volatility, and the proportion of informed traders, β i = the estimated intraday coefficient for time periods other than the first time period γ i = the parameter estimate and ε = an error term.
RESULTS
Trader Classifications
Twenty-seven classes of investors' stock picking ability are estimated for the period 1995-98.
3 Table 2 reports the relationship between a percentage change in shareholding and the stocks' subsequent daily, weekly and monthly performance.
Four investor classes, government owned companies, other financial institutions, provincial government and foreign residences, demonstrate significant positive relationships between changes in shareholdings and subsequent stock performance, in at least two of the three categories.
[Insert Table 2] Previous research by Nofsinger and Sias (1999) and Sias and Starks (1997) find that financial institutions are more sophisticated investors, which typically outperform the market. Nofsinger and Sias (1999) argue that institutional investors buy and sell companies because of their informational advantage. The results, presented in Table 2 , support this argument with other financial institutions exhibiting significant positive results where a 1% change in shareholdings, on average, would lead to the stock outperforming the subsequent day, week and month by 0.49% (significant at the 5% level), 0.45% (significant at the 10% level) and 1.57% (significant at the 5% level) respectively. Grinblatt and Keloharju (2000) find that on HEX, foreign investors outperform the market. Our results support this finding with foreign residences exhibiting a positive relationship between changes in shareholdings and stock performance. A 1% change in shareholdings of foreign residences, on average, will lead to the stock outperforming the subsequent week and month by 0.95% and 1.9% (both significant at the 5% level) respectively.
The performance of government owned companies and provincial government are unexpected. Government owned companies is a small investor class on HEX and predominantly buys companies and rarely sale (less than 25% of trades are sales, results unreported). During the period 1995-98 the HEX All Share Index returned 110%. The result, that changes in shareholdings are positively associated with stock performance, is consistent with a buying strategy and an upward-moving market.
Hence, the result may not indicate superior stock picking ability.
The provincial government is a semi-independent province of Finland that is more closely related to Sweden, with the predominant language being Swedish. The region's economy is predominantly based on four industries, maritime (Transport), financial services, manufacturing and tourism. The government and industries are closely related in the province. Therefore, the provincial government could obtain information about industry conditions and on companies that trade in the province.
The results suggest that changes in shareholdings are positively related to stock performance because the provincial government has superior stock picking ability.
To confirm that the Provincial Government focuses on companies that trade in the province, analysis of the companies purchased and sold needs to be carried out. This is left for future studies.
As with previous studies by Barber and Odean (2000) and Odean (1998a) the results indicate that entrepreneur households perform poorly on HEX with a significant negative relationship between changes in shareholdings and stock performance. The results indicate that a 1% change in shareholdings, on average, will lead to the stock under-performing the subsequent day, week and month by 1.02% (significant at 1% level), 1.78% (significant at 5% level) and 4.01% (significant at 1% level)
respectively. This result lends support to the argument that small investors, on average, exhibit poor performance on financial markets.
The results indicate that three investor classes, financial institutions, provincial government and foreign residences, have superior stock picking ability implying that after these investor classes purchase (sell) a stock, the stock exhibits positive (negative) out-performance. This superior stock picking ability leads us to classify these investor classes as informed traders and all other investor classes as liquidity traders.
Intraday Patterns
Descriptive Statistics
Descriptive statistics for the price, spreads, volatility, trading activity and the proportion of informed traders are reported in Table 3 . [Insert Table 4 and Figure 1] The standardized standard deviation of returns follows a similar, though more pronounced, reverse J-shape pattern to spreads. Table 4 demonstrates that standard deviation of returns is highest in the opening half-hour of trading and declines for the next three hours. From 14:00-15:30 there is little change in volatility but during the last two hours of trading, volatility significantly increases. These results are consistent with previous empirical studies ( Ahn and Cheung (1999) , Andersen, Bollerslev and Cai (2000) , Chung (1998 & , Chung, Van Ness and Van Ness (1999) Ding and Lau (2001) , Foster and Viswanathan (1993) , Ke, Jiang and Huang (2003) and Madhavan, Richardson and Roomans (1997) ).
Trading activity measured with number of trades and volume, exhibit two distinct patterns. Figure 1 demonstrates that the volume of shares traded exhibits a J-shape pattern, while the number of trades exhibits a reverse J-shape pattern. Previous empirical research generally finds a U shape or reverse J-shape pattern (Ding and Lau (2001) , Foster and Viswanathan (1993b) , and Ke, Jiang and Huang (2003) ), though Werner and Kleidon (1996) Admati and Pfleiderer (1988) and Foster and Viswanathan (1990) . This increase in liquidity traders provides an opportunity for informed traders to hide their trading activity, causing a proportional increase in their trading activity. Alternatively increased trading by informed traders at the open and the close is caused by competition and divergent beliefs about the value of the asset. Viswanathan (1994, 1996) and Wang (1998) argue that trading by informed traders at the opening of trading is caused by competition between informed traders with similar information. To exploit their information, informed traders enter the market at the open and the price will change to reflect this information. They also argue that informed traders trade near the close of trading because of divergent beliefs in the value of the asset Viswanathan (1994, 1996) ) or divergent beliefs on the distribution of the value of the asset (Wang (1998) ). The difference in opinion causes the informed traders to trade at the close because they believe the market has not priced their information correctly. Viswanathan (1994, 1996) and Wang (1998) do not analyze the trading behaviour of liquidity traders (they assume it is random). Our results suggest that both informed and liquidity traders behave strategically. This would indicate that models that focus solely on one type of trader are missing an important segment of the market.
The theoretical models argue that when informed and liquidity traders chose to trade causes changes in spreads, trading activity and volatility. Our results indicate that informed and liquidity traders concentrate at the open and close of the trading day.
During these periods spreads are widest, while trading activity and volatility is higher.
These results are consistent with Foster and Viswanathan (1996) and Wang (1998) . Table 7 reports how time of day, volume, standard deviation of returns and the proportion of informed traders influence spreads. The results indicate that all variables have a statistically significant effect on relative spreads, though the 14 halfhour time-of-day dummy variables still explain a large proportion of the intraday variation in spreads. Ceteris paribus, the 14 half-hour periods indicate that standardized relative spreads exhibit a reverse J shape. The results demonstrate that standardized volume has a statistically significant negative effect on relative spread.
Influence of Variables on Spreads
The results indicate that a one unit increase in standardized volume traded, on average, decreases the standardised relative spread by 0.056 units, ceteris paribus. In contrast, standardized standard deviation of returns and the proportion of informed traders exhibit a statistically significant positive influence on the relative spread. Table 7 indicates that a one unit increase in standardized standard deviation of returns, on average, widens the standardized relative spread by 0.278 units, ceteris paribus.
Similarly, a one percent increase in the proportion of informed traders, on average, widens the standardized relative spread by 0.309 units, ceteris paribus.
[Insert Table 7] Theoretical models argue that the interaction of informed and liquidity traders explains intraday patterns in the spread. The interaction between traders will also cause volume and volatility to vary through the trading day. These variations will also have a systematic effect on the spread. The results indicate that the proportion of informed traders and volume is positively related to spreads. In contrast, volatility has an inverse relationship with spreads. Admati and Pfleiderer (1988) , Back and Pedersen (1998) and Foster and Viswanathan (1990) models focus on both liquidity and informed traders' behavior. They argue that volume will be inversely related to spreads because changes in liquidity traders' volume are the major cause of changes in volume. Hence, when volume increases spreads decline. In contrast, Foster and Viswanathan (1993a , 1994 ), Holden and Subrahmanyam (1992 and Wang (1998) models focus solely on informed traders and assume liquidity trading is random. These models argue that informed traders' are the cause of changes in volume, causing spreads to widen. Our results indicate that volume and spreads are inversely related with a one unit increase, on average, decreases the spreads by 0.056 units, ceteris paribus, suggesting that liquidity traders are the major cause of changes in volume.
The theoretical models argue that volatility is caused by information being impounded in prices. Foster and Viswanathan (1990 , 1993a , 1994 , Holden and Subrahmanyam (1992) and Wang (1998) argue that when volatility is high new information is rapidly appearing in the market. This will cause spreads to widen. Our results support this theory.
The theoretical models argue that the proportion of informed traders will be positively related to spreads. As the proportion of informed traders increases there is a greater chance of trading against an informed trader. This causes an adverse selection problem leading to a widening of the spread. Our results are consistent with this argument.
The results indicate that time of day explains a significant proportion of the intraday pattern in spread. This suggests that the time-of-day dummy variables are proxies for other variables. These other variables could include other motives for trade. The burgeoning research in behavioral finance indicates that not all traders follow rational economic behavior (Barber and Odean (2000) , Odean (1998a) and Hirshleifer (2001)), which may affect trading patterns in the stock market. If these traders trade in a systematic manner (e.g. the disposition effect, momentum trading and contrarian trading), time-of-day variables could constitute a proxy for this behavior.
Theoretical models focus either on informed traders (Foster and Viswanathan (1993a , 1994 , Holden and Subrahmanyam (1992) and Wang (1998) ) or both liquidity and informed traders (Admati and Pfleiderer (1988) , Back and Pedersen (1998) and Foster and Viswanathan (1990) ). Our results demonstrate that both informed and liquidity traders trade strategically through the trading day, indicated by both traders concentrating activity at the open and close of the trading day. This would suggest that models that analyze the behavior of liquidity and informed traders would be preferred. Our results suggest otherwise. The results are consistent with models that focus on informed traders (Foster and Viswanathan (1996) and Wang (1998) ) with the influence of volume on spreads being the exception.
CONCLUSION
This paper analyzes intraday variations in spreads, trading activity, volatility and the proportion of informed traders on HEX for thirty stocks during the period 12 April 1999 to 26 May 2000. The paper details the influences of trading activity, volatility and the proportion of informed traders on spreads. This provides a direct test of the theoretical models based on the strategic behavior of two types of traders, informed and liquidity. Theoretical models argue that the strategic timing of trading by informed and liquidity traders is an important determinant of intraday patterns.
Previous empirical research on intraday patterns has focused on spreads, trading activity and volatility. This makes this paper the first study to include the trading activity of informed and liquidity traders in explaining intraday patterns. (2000), Nofsinger and Sias (1999) , Sias, Starks and Titman (2001) and Sias and Starks (1997) American markets are open. These results are similar to previous empirical studies that analyzed intraday patterns on electronic limit order markets and specialist markets (Ahn and Cheung (1999) , Andersen, Bollerslev and Cai (2000) , Chung (1998 & , Ding and Lau (2001) , Foster and Viswanathan (1993) , Ke, Jiang and Huang (2003) , Madhavan, Richardson and Roomans (1997) and Werner and Kleidon (1996) ).
Consistent with previous research (Grinblatt and Keloharju
The results demonstrate that the proportion of informed traders exhibits a small increase across the trading day. On closer analysis it is demonstrated that both (Admati and Pfleiderer (1988) and Foster and Viswanathan (1990) ).
Second, competition and divergent beliefs lead informed traders to trade at open and close of trading periods Viswanathan (1994, 1996) and Wang (1998) ).
Trading activity, volatility, the time of day and the proportion of informed traders all have statistically significant effects on spreads at the one-percent level. The results indicate that trading activity negatively affects spreads, while volatility and the proportion of informed traders positively affect spreads. These results are consistent with three explanations. First, liquidity traders drive changes in volume causing volume to be inversely related to spread (Admati and Pfleiderer (1988) , Back and Pedersen (1998) and Foster and Viswanathan (1990) ). Second, volatility is driven by information being impounded in prices causing volatility to be positively related to spreads (Foster and Viswanathan (1990 , 1993a , 1994 , Holden and Subrahmanyam (1992) and Wang (1998) ). Third, as the proportion of informed traders increases, it will raise an adverse selection problem, causing the proportion of informed traders to be positively related to spreads.
The time of day explains a significant proportion of the intraday pattern of spreads.
This result suggests other systematic behaviour could be causing intraday patterns.
The behavioural finance literature shows that traders may not follow traditional rational economic behaviour (Barber and Odean (2000) , Odean (1998a) and Hirshleifer (2001) ). If these traders trade in a systematic manner, time-of-day variables could constitute a proxy for this behaviour. Table 2 Changes in share holdings and stocks subsequent performance
During the sample period of 1995 to 1998 each sectors daily changes in shareholdings for each stock are calculated. This is calculated by calculating the change in shareholding and dividing by the number of shares held prior to the days trading, with opening share position dropped. Excess returns calculated by subtracting the HEX All Share Index from returns calculated using the stocks value weighted average share price are used to proxy subsequent stock performance for the next day, week and month. The following equation is estimated using GMM ε β β
Re
Where Ret i,j = stock i performance from day j-1 to day j (this will be daily, weekly or monthly returns), ∆ i,j-1 Ownership = the proportional change in ownership for stock i on day j-1, β i = parameter estimate and ε = error term. Where W t = the value of the variable being studied in time period t, w = the fixed effect, which will represent the variable base amount which is the first half-hourly period i.e. 10:30-11:00. d i = a dummy variable that reflects the time-of-day, which takes on the value of one if the time-of-day observation t is equal to i and zero otherwise. β i = the estimated intraday coefficient for time periods other than the first time period and ε = an error term.
Relative Spreads
Standard Table 5 Intraday variations in the proportion of informed traders
The trading day, during the period 12 April 1999 to 26 May 2000, is divided into 14 half-hour trading intervals. The proportion of informed traders is calculated by dividing the total value of shares traded by informed traders by total value of shares traded, for each half-hour interval. The proportion of informed traders is regressed against time-of-day dummy variables, with time period 10:30-11:00 being the reference period. The following equation is estimated using GMM.
Where W t = the proportion of informed traders in time period t, w = the fixed effect, which will represent the proportion of informed traders base amount which is the first half-hourly period i.e. 10:30-11:00. d i = a dummy variable that reflects the time-of-day, which takes on the value of one if the time-of-day observation t is equal to i and zero otherwise. β i = the estimated intraday coefficient for time periods other than the first time period and ε = an error term. Where W t = the variable being studied in time period t, w = the fixed effect, the fixed effect, which will represent the variable base amount which is the first half-hourly period i.e. 10:30-11:00. d i = a dummy variable that reflects the time-of-day, which takes on the value of one if the time-of-day observation t is equal to i and zero otherwise. β i = the estimated intraday coefficient for time periods other than the first time period and ε = an error term. Where S t = the spread during time period t, d i is a dummy variable that reflects the time of day, which takes on the value of one if the time-of-day observation t is equal to i and zero otherwise, I is a fixed effect, W t other variables e.g. trading activity, volatility, and the proportion of informed traders, β i = the estimated intraday coefficient for time periods other than the first time period γ i = the parameter estimate and ε = an error term. Figure 2
Intraday variations in the proportion of informed traders
The trading day, during 12 April 1999 to 26 May 2000, is divided into 14 half-hourly intervals. The proportion of informed traders is calculated by dividing the total value of shares traded by informed traders by total value of shares traded, for each half-hour interval. The proportion of informed traders is regressed against time-of-day dummy variables, with time period 10.30-11.00 being the reference period. The values plotted are calculated by adding the co-efficient estimated for each time period to the reference period i.e. 10:30-11:00. 
